Pilates and resistance exercises are used for lumbar stabilization training. However, it is unclear which exercise is more effective for lumbar stabilization. In our study, we aimed to compare surface muscle activity and deep muscle thickness during relaxation and spinal stabilization exercise in experienced Pilates and resistance exercise instructors. This study is a retrospective case control study set in the Exercise Prescription Laboratory and Sports Medicine Center. The participants included Pilates instructors (mean years of experience, 3.20± 1.76; n= 10), resistance exercise instructors (mean years of experience, 2.53± 0.63; n= 10), and controls (n= 10). The participants performed 4 different stabilization exercises: abdominal drawing-in maneuver, bridging, roll-up, and one-leg raise. During the stabilization exercises, surface muscle activity was measured with electromyography, whereas deep muscle thickness was measured by ultrasound imaging. During the 4 stabilization exercises, the thickness of the transverse abdominis (TrA) was significantly greater in the Pilates-trained group than the other 2 other groups. The internal oblique (IO) thickness was significantly greater in the Pilates-and resistance-trained group than the control group, during the 4 exercises. However, the surface muscle activities were similar between the groups. Both Pilates and resistance exercise instructors had greater activation of deep muscles, such as the TrA and IO, than the control subjects. Pilates and resistance exercise are both effective for increasing abdominal deep muscle thickness.
INTRODUCTION
Back pain is very common and affects 80% the population at some point in their life (da Fonseca et al., 2009) . Moreover, back pain can easily relapse or lead to chronic pain. Frequent and prolonged back pain inhibits physical activities, leading to a decrease in flexibility, range of motion, muscle strength and endurance, myoatropy, and paraspinal muscle cross-sectional area (Adams and Roughley, 2006) .
Various rehabilitation and exercise programs have been developed to increase lower back muscle strength and correct imbalanced muscle strength in patients with back pain (Sertpoyraz et al., 2009 ). Many treatment methods that strengthen the superficial muscles, including the hamstrings and extensors, have been suggested to decrease back pain (Gladwell et al., 2006; Monfort-Pañego et al., 2009 ). In addition, previous studies have reported that abdominal strength is also important not only for the prevention and treatment of back pain, but also for improving trunk movement and stability. Thus, abdominal exercises have been widely used in rehabilitation or exercise programs for ath-letes and normal individuals (Stevens et al., 2007) . However, trunk muscles are classified into 2 groups; superficial muscles that are part of the global muscle system and include the rectus abdominis (RA) and the external oblique (EO), and deep muscles that are part of the local muscle system and include the transverses abdominis (TrA), the multifidus and the internal oblique (IO) (Bergmark, 1989) . Recent studies have reported that lumbar stabilization exercises, including contraction of the TrA, IO, and the multifidus, increase spinal stability and are more effective than other treatments such as abdominal exercises that decrease pain and functional abnormality in terms of neuromuscular control and improvement (Hayden et al., 2005; Macedo et al., 2009) .
Pilates is an exercise that includes basic movements and focuses on strengthening the abdomen for spinal support. Pilates has been used for back pain rehabilitation and athletic conditioning because it reportedly activates the transverse abdominis (TrA) and the internal obliques (IO), which stabilize the spine (Bernardo, 2007) . Indeed, Critchley et al. (2011) reported that the TrA and the IO were significantly thickened during Pilates or resistance exercises, relative to resting conditions. Furthermore, increases in TrA and IO thickness after resistance training have been shown (Critchley et al., 2011) , and the TrA and the IO thickness of weightlifters is greater than average controls (Sitilertpisan et al., 2011) . Thus, Pilates and resistance exercise both increase the strength and endurance of the abdominal muscles, as well as the thickness of the deep muscles, but it is unclear which exercise is more effective in stabilizing the spine.
Various spinal stabilization exercises have been used, including bridging, one-leg raise (Stevens et al., 2007; Waddell et al., 1992) , abdominal drawing-in maneuver (ADM) (Teyhen et al., 2005) , and crunch (Ekstrom et al., 2007) . However, most studies that have examined the effect of lumbar stabilization merely investigated deep muscle activity and thickness using ultrasound (John and Beith, 2007; McMeeken et al., 2004) or assessed the changes in muscle activity using electromyography (EMG) (Hibbs et al., 2011; Sternlicht and Rugg, 2003) . Importantly, Hodges and Moseley (2003) suggested that the global and local muscle systems need to work synergistically to activate the deep muscles and ensure efficient lumbar spine stabilization and muscle function. Thus, consideration of both ultrasound deep muscle scans and surface EMG would be helpful to compare the effect of Pilates and resistance exercise on lumbar stabilization (Jeong et al., 2006) .
In the present study, we aimed to compare surface muscle activity and deep muscle thickness during relaxation and spinal stabilization exercise in experienced Pilates and resistance exercise instructors, relative to control subjects. We tested the following hypotheses: (1) surface muscle activity during stabilization exercises would be greater in resistance and control groups, compared to a Pilates group, (2) a Pilates trained group would have a greater deep muscle thickness during stabilization exercise, compared to the other groups, and (3) Pilates exercise is effective for lumbar stabilization.
MATERIALS AND METHODS

Subjects and experiment design
The subject population included 10 experienced female Pilates instructors with more than 6 months of instructor experience (mean years of experience, 3.20±1.76) and a Canada Stott Pilates instructor certificate (mean age, 26.50±4.22 yr), 10 experienced female resistance exercise instructors with more than 6 months of instructor experience (mean years of experience, 2.53±0.63) and a Sports for All instructor certificate with specialization in resistance exercise (mean age, 24.50±1.65 yr), and 10 females controls who were ordinary individuals, had sedentary lifestyles, and had not regularly exercised in the last 6 months (mean age, 25.60±1.84 yr). To maintain consistency between groups and exclude the influence of obesity, which might affect ultrasound and EMG results, individuals with a body mass index (BMI) of 18.5-24.9 (normal range) were selected (John and Beith, 2007) . Potential participants were excluded if they were aged <20 yr, had previous spinal or abdominal surgery, had lower back pain in the last two years, had visible scoliosis, had neuromuscular disorders, or were pregnant. The Institutional Ethics Committee of Physical Education of Dankook University approved the study.
Physical examination
Four different stabilization exercises (ADM, bridging, crunch, and one-leg raise) were used in the present study. One investigator performed all of the procedures and tasks with each subject to ensure uniformity. All of the exercises were demonstrated by an experienced physical therapist with training in the ADM method. Following collection of basic anthropocentric measurements and familiarization of the subject with the equipment and tasks, surface muscle maximal voluntary isometric contraction (MVIC) was performed for normalization. Superficial stabilizer and deep stabilizer muscle activities were then evaluated at rest and during ADM, bridging, crunch, and one-leg raise stabilization exercises.
All of the exercises were executed in the supine position and were performed 2 times, with 2-3 min of rest in between. The order of the exercises was randomized.
EMG measurement
EMG activity was recorded using 1-cm diameter silver/silver chloride surface electrodes, which were placed with a center-to-center spacing of 2.2 cm (Ng et al., 1998) . The EMG was sampled at 1,000 Hz, with a width of 8-500 Hz using a Noraxon Telemyo 2400T 8-channel remote control instrument. The sensor locations were marked on the skin based on the Surface ElectoMyoGraphy for the Non-Invasive Assessment of Muscle (SENIAM) guidelines. The subject's skin was wiped and cleaned, and 2 electrodes were placed parallel to the muscle fibers 2 cm apart. A test was performed to ensure that the EMG signals were recorded when the muscles were moved as well as to determine the noise level, baseline adjustments, and displacement due to joint movement. The MVIC of the rectus abdominis (RA) and external oblique (EO) muscles, and their activity during muscular work were measured (Table 1) . Three 5-sec-long MVICs were performed with verbal encouragement, with 5 min of rest in between. The largest EMG value was used as the MVIC.
Deep muscle thickness
An ultrasound machine (Sonoace 6000c, Korea) was used to measure the thickness of the TrA and IO. A rehabilitation specialist performed all of the measurements to avoid individual evaluator differences. The ultrasound scans were obtained using a 5.5-cm, 5-12 MHz linear transducer (M12L linear probe), and were recorded at 10 MHz. The brightness of the screen was 55. The abdominal midaxillary line between the right iliac crest and inferior angle of the costal bone was investigated in all subjects by placing the transducer vertically to obtain clear images of the external muscles (Teyhen et al., 2005) . The area was marked with a marker to allow for repositioning of the transducer in the same location. Previous researchers have found the inter-image and inter-rater reliability to have intraclass correlation coefficients of >0.93, using the same measurement technique to assess the ADM (Springer et al., 2006; Teyhen et al., 2005) . The depth was also adjusted until the muscle layer comprised approximately 40-50% of the ultrasound image. As the TrA is recruited during inhalation (Hodges and Gandevia, 2000) , images were obtained at the end of exhalation in each posture. Resting abdominal muscles were measured with the subject lying straight without bending their knees (no tension in the abdominal area). All of the postures 
Resting
The subjects were asked to lie down in the supine position. Their right abdominal muscles were measured while they were resting (no tension in the abdominal area).
ADM (imprint)
The subjects were asked to lie down in the supine position with their upper back on a table and their feet on the floor. Before they performed the ADM, they were instructed to palpate their abdominal muscle just anteriomedially to their anterior super iliac spine, identify the muscle contraction when they coughed, and contract this muscle.
Bridging
The subjects were asked to lie down in the supine position with their arms at their sides and their knees forming a 30° angle. They were then asked to raise their hips from the floor while keeping their shoulders down, with their body forming a straight line.
Roll-up
The subjects were asked to lie down in the supine position. While they were breathing in, they were asked to gather their arms in the air above their body and tuck their chin in toward their body in preparation for assuming different postures. While they were breathing out, they were asked to roll up and lift their upper body starting from their head to their back and their waist with their arms. They were then instructed to draw in or contract their abdominal muscles. One-leg raise
The subjects were asked to lie down in the supine position. They were then instructed to perform an ADM and then raise their right leg to the end range while keeping their knee extended. They were then instructed to draw in or contract their abdominal muscles.
were measured twice, with a 2-3 min interval, and the muscle thickness was analyzed from the collected images.
Statistical analysis
Data were analyzed with SPSS 17.0 and are presented as mean ±standard deviation. A one-way ANOVA with an appropriate post-hoc test was used for group comparisons at rest and during each spinal stabilization maneuver. The significance level was set at P<0.05.
RESULTS
MVIC and surface muscle activity during spinal stabilization exercises
MVIC of the EO was significantly different between the groups (P<0.05), but the RA muscle activity was similar among the groups at rest (Table 2) . Post hoc analysis demonstrated a higher MVIC of the EO in the Pilates group than the controls. Interestingly, the surface muscle RA and EO activity was not significantly different between the groups during the ADM, bridging, rollup, and one-leg raise exercises (Tables 3-6). 
Deep abdominal muscle thickness at rest and during spinal stabilization exercises
Under resting conditions, TrA and IO muscle thicknesses were similar between the three groups (Table 2) . However, EO muscle thickness was significantly different between the groups (P<0.01). Post hoc analysis demonstrated a higher EO muscle thickness in Pilates group, compared to resistance and control group (P<0.05).
During the ADM, the TrA and IO muscle thicknesses were different between groups (P<0.05), with a significantly greater thickness of both muscles observed in the Pilates group, compared to the resistance and control groups ( Table 3 ). The difference in EO muscle thickness between Pilates group and control group did not reach statistical significance (P=0.052); however, the EO muscle thickness in the Pilates group was higher than that of the control group (P<0.05). In addition, the change in TrA muscle thickness from rest was significantly greater in the Pilates group than the controls (P<0.05), and the change in EO muscle thickness from rest was significantly greater in the Pilates group than the resistance group (P<0.05, Table 3 ).
During bridging stabilization exercise, a significant betweengroup difference in overall TrA muscle thickness was found (P<0.05, Table 4) , with post hoc analysis indicating a greater thickness in the Pilates group compared with the untrained controls. The IO muscle thickness was also significantly different between groups during bridging (P<0.01), with the Pilates and resistance exercise groups demonstrating a larger IO muscle thickness relative to the controls. Similar findings were obtained when the data were calculated as a change from resting conditions. However, there was no difference in EO muscle thickness and the change of muscle thickness among the groups (Table 4) . The TrA and EO muscle thicknesses were also found to be significantly different between groups during roll-up exercises (P<0.05). Further post hoc analysis indicated that the TrA was thicker in the Pilates group, relative to the controls, and the EO were thicker in the resistance group than the control group (Table  5 ). The change in TrA muscle thickness from rest was also greater in the Pilates group compared with the control group (Table 5) .
Similar to the other spinal stabilization exercises, significant between-group differences were found for TrA and IO muscle thicknesses during one-leg raises (P<0.05, Table 6 ). Post hoc analysis demonstrated that the TrA thickness was greater in the Pilates group, whereas the IO thickness was greater in the Pilates and resistance exercise groups, when compared with the controls (Table  6 ). However, there was no difference in EO muscle thickness and the change of muscle thickness among the groups (Table 6) .
DISCUSSION
In the present study, we compared surface muscle activity and deep muscle thickness in experienced Pilates and resistance exercise instructors, relative to control subjects, during relaxation and spinal stabilization exercise. We found that the surface muscle activity did not depend on exercise experience or proficiency when performing exercise for spinal stabilization. However, the thickness and activation of the deep muscles during stabilization exercise were greater in the Pilates and resistance exercise groups compared to the control group. In particular, the TrA was most effectively recruited in the Pilates group, whereas the IO was recruited in a similar manner in the resistance and Pilates exercise groups.
EMG has been the most widely used instrument for the study of muscle activation during exercise (Monfort-Pañego et al., 2009) . Interestingly, the RA muscle was generally activated to a greater extent in the control group, although not with statistical significance. These results suggest that the control subjects may recruit their surface muscles to a greater extent because they were not familiar with the exercises or the necessary breathing and had a lower MVIC, when compared to the Pilates and resistance exercise groups. It is possible that the overall lack of statistical significance based on exercise experience or proficiency, and the absence of a between-group difference in the surface muscle activation, is because spinal stabilization exercises are focused more on deep muscle activation. Critchley et al. (2011) reported that the IO became significantly thicker during the imprint, in which the belly button is sucked in toward the spine while breathing out in a supine position, in the group that was experienced with resistance exercise, according to the ultrasound scan. They also reported that the group with Pilates experience showed decreased IO thickness but increased TrA thickness. During the ADM that was used in this study, which is used to imprint, the ultrasound-determined TrA, IO, and EO muscle thickness, as well as the change in TrA muscle thickness, were greater in the Pilates group than the control group. The resistance exercise group only showed an IO muscle thickness that was greater than that of the control group. Critchley previously reported that the TrA was thicker during an ADM with pelvic floor contraction than without pelvic floor contraction (Critchley, 2002) . As breathing during Pilates activates the deep muscles by contracting the pelvic floor, while sucking in the belly button during exhalation, the Pilates group consisted of subjects who were already familiar with the necessary breathing and postures that activate the deep muscles. This result is consistent with the findings of Endleman and Critchley (2008) which suggested that people experienced and inexperienced in Pilates showed a different degree of TrA activation in similar postures. Moreover, the inexperienced subjects may not have been able to accurately perform ADM because they were not familiar with it. However, the EO muscle showed significant differences in surface muscle activity and muscle thickness between the groups. These results suggested that the relationship in the EO muscle between surface muscle activity and muscle thickness is much weaker, and ultrasound-measured thickness change cannot be confidently used as a gauge of activity in the EO muscle.
In bridging, the body is kept straight a position that is difficult for inexperienced people (i.e., control group) or people with back pain (Endleman and Critchley, 2008) . Stevens et al. (2007) reported that IO activity was increased to a greater extent during bridging in a stabilization exercise group compared to a control group. The results of the current study are consistent with these results, and show that the TrA and IO thicknesses in the Pilates and resistance exercise groups were greater during bridging relative to controls. This increase in the deep muscle thickness may occur because the Pilates and resistance exercise subjects were familiar with bridging.
Interestingly, roll-up is similar to crunch which is usually performed as a resistance exercise, our results show that the TrA muscle thickness was the highest in the Pilates group, compared with the other 2 groups. As the basic concept of Pilates is stabilization of the spine (Gladwell et al., 2006; Muscolino and Cipriani, 2004) , Pilates trains a person to contract the TrA and IO in all postures. In addition, the subjects in the Pilates group were experienced with crunches because crunches are similar to the half rollups used in Pilates However, the IO in the study was the highest in the resistance exercise group than the other 2 groups, even though the difference was not statically significant. Moreover, the EO in the resistance exercise group was significantly thicker than that of the control group. This result indicates that hypotrophy was observed in a resistance exercise in which a heavy load was lifted, and it stabilized the lumbar spine. Furthermore, elite weightlifters have been reported to have thicker IOs than average people because the IO works with the EO to control external loads and to transfer the load between the thorax and the pelvis (Sitilertpisan et al., 2011) . Therefore, the IO was considered to have been more recruited than the TrA in the crunch because the subjects were trained to use their IO by lifting a load. However, the results of EO muscle thickness and activity showed the difference. This inconsistency of results between EMG and muscle thickness proved that ultrasound scanning cannot be used as a valid measure of activity of the EO muscle.
Overall, most Pilates postures are focused on the abdominal muscles. Therefore, even during exercises for the arms or legs, individuals have to monitor their breathing and assume the postures, while simultaneously drawing in the belly button and contracting the pelvic floor. In this regard, during one-leg raise exercises, a greater TrA thickness was found in the Pilates group than in the resistance exercise and control groups. In contrast, the IO thickness of the Pilates and resistance exercise groups were both larger than the control group during one-leg raises. The subjects in the Pilates group likely showed a greater change in the TrA thickness because, as mentioned above, they are trained to contract their abdominal muscles while breathing. The increased IO thickness in the resistance exercise group during one-leg raise may be due to the training of the subjects to contract their IO and EO while exercising, even if the postures did not involve any load.
In conclusion, exercise experience and proficiency in Pilates or resistance exercise did not affect the recruitment of surface muscles during stabilization exercises. However, the thickness of the deep muscles was significantly different between the groups during the exercises, and the Pilates group showed marked changes in the TrA and IO muscle thickness. This is presumably because Pilates training teaches individuals to contract the abdominal muscles while maintaining balanced postures. The IO muscle thickness was not significantly different between the Pilates and resistance groups, although the IO muscle thickness of both trained groups was larger than that of the controls during stabilization exercises. The greater reliance of the resistance exercise-trained subjects on the IO may be because resistance exercise stabilizes the lumbar spine by working with the global muscles (e.g., EO) against an external load and with hypertrophy (Sitilertpisan et al., 2011) . Overall, our findings suggest that Pilates and resistance exercise have a similar effect on spinal stabilization because of the activation and recruitment of deep muscles.
This study had a limited number of subjects and did not evaluate postures that subjects in the resistance exercise group were familiar with, and therefore, further studies on these factors are required.
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